Abstract. The spear grass content on the tensile properties, morphology of low-density polyethylene (LDPE)/spear grass was investigated. The compatibilising effect of epoxidised natural rubber (ENR 50) LDPE and spear grass was mixed by using twin screw extruder with various spear grass contents. The tensile properties were tested by using an Universal Testing Machine (UTM). The tensile strength and elongation at the break point were significantly improved by the addition of ENR 50, as evidenced by morphological analysis using scanning electron microscopy (SEM). On the other hand, the tensile modulus increased with spear grass content up to 10% and decreased thereafter.
Introduction
Natural plant fibers have caught the research interest of scientist as potential alternatives to replace glass fibers in fiber-reinforced plastics (FRP). In comparison, natural fibers are widely used to reinforce plastics due to their low cost, these lignocellulosic fibers have lower densities, cost relatively lower, consume lesser energies during production, pose no abrasion to machines and have no health risk when inhaled. Natural fibers are also available abundantly, renewable, recyclable, biodegradable and carbon dioxide (CO 2 ) neutral [1] . From a large selection of plant fibers, spear grass fibers have the highest cellulose contents which make the fibers mechanically sound [2] . According to this review, however, spear grass is among the least studied fibers especially for reinforcing plastics.
Common packaging uses for LDPE are as commercial films, carrier bags, protective foams, and some flexible lids and bottles. About 70% of LDPE consumed is used for packaging purposes. About half of all LDPE consumed for packaging is used for food contact purposes. The advantages of LDPE as a packaging material are low cost, ease of processing, clarity, flexibility, ease of sealing, and its properties as a barrier to moisture. LDPE is classified as a semipermeable material because of its permeability to volatile chemicals [3] .
The LDPE is a type of thermoplastic that contains a hydrocarbon backbone and is hydrophobic in nature, whereas spear grass is a hydrophilic natural polymer that contains hydroxyl groups (-OH). Therefore, LDPE and spear grass are thermodynamically immiscible. A compatibiliser is needed to improve the interfacial adhesion between LDPE and spear grass [4] .
In the present study, the potential of ENR 50 as a compatibiliser in LDPE/spear grass was investigated. The effect of spear grass content and addition of ENR 50 on tensile properties was studied. Morphological properties of the tensile fracture surface were determined by scanning electron microscopy (SEM).
Experimental

Sample Preparation
In this project, twin screw extruder was used to carry out the mixture of low density polyethylene (LDPE), spear grass and epoxidised natural rubber (ENR). Twin screw extrusion was used extensively for mixing, compounding, or reacting polymeric materials [4] . The twin screw extruder was run at speed of 50 rpm and temperature of 150 ⁰C. The samples produced were in pellet form.
Compression molding is a method of molding in which the molding material, generally preheated, is first placed in an open, heated mold cavity. The product was pressed at 150 ⁰C. The preheating process was around 7 minutes, press heating for 3 minutes and cooling for 3 minutes. Then, the samples were subjected for tensile test (by cutting the sample into dumbbell shape) and scanning electron microscope (SEM).
Tensile Test
Tensile tests were performed at room temperature according to ASTM D638 by using a universal testing machine (UTM) at a crosshead speed of 50 mm/min. At least five specimens of each mixture ratio were tested. Three parameters were measured which is tensile strength, elongation at break (E b ), and Young's modulus.
Morphology
The morphology of the tensile fracture surface of the blends was observed by using a scanning electron microscope JEOL (JSM-6490LV). Samples were sputter-coated with gold before scanning in order to avoid electrostatic charging. The scanning electron microscope was operated at an acceleration voltage of 20kV.
Results and Discussion
Tensile & Morphology Properties Figure 1 illustrates the effect of spear grass content on the tensile strength of uncompatibilised and compatibilised ENR 50. In both cases, the addition of spear grass reduced the tensile strength of the sample, presumably because of the incompatibility of LDPE and spear grass powder. The combination of hydrophobic LDPE and hydrophilic spear grass resulted in phase separation of the mixture [2] . A similar trend can be observed in the elongation at break in Figure 2 . When ENR 50 was added into the spear grass powder, the tensile strength and elongation at break (E b ) increased. This trend likely occurred because the interfacial adhesion between LDPE and spear grass was improved. The improved stress transfer between LDPE and spear grass led to the increase in tensile strength and elongation at break.
From the observations, the addition of spear grass and ENR 50 to the composites increased the tensile strength and E b . Figure 2 clearly shows that the E b increased with the incorporation of ENR 50 in the LDPE/spear grass fiber. This is due to the good compatibility and enhanced adhesion between LDPE and spear grass with the addition of ENR 50 as a compatibiliser. The relatively higher E b of the elastomer (ENR 50) also contributed to the improved E b of the sample.
A similar trend can be observed in the elongation at break in Figure 2 . When ENR 50 was added to the mixture, the tensile strength and elongation at break (E b ) of the mixture increased. This trend likely occurred because the interfacial adhesion between LDPE and spear grass was improved [1] . The improved stress transfer between LDPE and spear grass led to the increase in tensile strength and elongation at break. Figure 2 clearly shows that the E b increased with the incorporation of ENR 50 in the LDPE/spear grass composites. The relatively higher E b of the elastomer (such as ENR 50) also contributed to the improved E b of the mixture. The tensile fracture surface of ENR 50 compatibilised LDPE/spear grass is shown in Figure  5a -5b. The SEM micrographs show that the agglomeration of spear grass in the compatibilised mixture was less than in uncompatibilised mixture. In addition, the dispersion of the spear grass in LDPE was greatly improved. Furthermore, the fibrils on the tensile fracture surface indicate the higher E b of the compatibilised composites [4] .
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Conclusion
ENR 50 in the LDPE/spear grass composites shows a better structure compare to without ENR 50 as an compatibiliser. Furthermore, the studies among the the properties of the biodegradable polymer composite by using the tensile test and scanning electron microscopy (SEM) as proven that better structure occur when compatibiliser had add on. This is because the addition of Spear grass to LDPE reduced Elongation at break (E b ). However, the incorporation of ENR 50 as a compatibiliser increased both properties. Tensile strength and E b decreased with increasing spear grass loading in LDPE/spear grass mixture. The addition of ENR 50 significantly improved the tensile strength and E b of the mixture.
